Introduction {#s1}
============

Most research on cultural neuroscience focuses on one dimension of culture: group membership (e.g., nationality or country of origin) or individual orientation (e.g., self-construal or cultural beliefs) (e.g., Cheon et al., [@B14]; Wang et al., [@B71], [@B72]). Few studies examine the intersection between the two, partly because the underlying assumption is that individual orientation (e.g., self-construal) explains national or group differences (e.g., Western individuals have high levels of independent self-construal, whereas East Asian individuals have high levels of interdependent self-construal) (e.g., Markus and Kitayama, [@B50]). However, this assumption may not be valid when studying acculturation. As proposed by Kitayama and colleagues (Kitayama et al., [@B40]; Kitayama and Park, [@B38]; Kitayama et al., [@B42]), voluntary immigrants moving to the frontiers (i.e., new territory in the original country or foreign countries) have greater independent self-construal than those who choose to stay in their original regions. Based on this voluntary settlement hypothesis, individuals who are self-motivated to move to the United States for education and living may show the same level of independent self-construal as their American counterparts (e.g., Cross, [@B20]; Coon and Kemmelmeier, [@B18]), although they may still show group-level differences in other domains, such as risk perception or risk behavior (e.g., Brindis et al., [@B5]; Ojeda et al., [@B54]; Prado et al., [@B56]; Almeida et al., [@B2]; Salas-Wright et al., [@B59]). Therefore, independent self-construal reported by individuals who immigrate to the United States and American individuals may function in different ways across the two groups. Thus, it is important to examine how independent self-construal (i.e., culture as individual orientation) functions across cultural groups (i.e., culture as group membership), in order to better understand the intersection of culture across two dimensions (group level and individual orientation).

Culture plays a critical role in the motivation to take risks. For example, adventure and risky exploration are highly encouraged by American culture (Doyle, [@B640]). In contrast, such appreciation of exploration is not evident in East Asian countries, where youth are encouraged to be more inhibited and prudent (King and Bond, [@B37]; Ho, [@B33]; Chen et al., [@B13], [@B12]). This may lead American and East Asian individuals to show different behavioral strategies in risk taking. American individuals may exhibit more exploratory behavior in risk-taking contexts, showing a more flexible pattern to test the limits in their exploration, compared to East Asian individuals, who may show a more rigid pattern without much exploration. When East Asian individuals acculturate to a new culture, such as those who move to the United States, individual cultural orientation (e.g., independent self-construal) may play an important role in their risky exploration. For example, those who have a more independent self-construal (i.e., emphasizing internal attributes and preferences) may be willing to explore the environment, potentially leading them to migrate to a foreign country (Heitmueller, [@B32]; Jaeger et al., [@B34]) and guiding them to show more exploratory behavior in risk-taking contexts like Americans. In contrast, those who are less acculturated to American culture, as indicated by having less of an independent self-construal, may show less risky exploration.

Recent neuroimaging research on Western samples has provided valuable insights into the motivation of risk taking. Two neural systems---affective and cognitive control systems---have been consistently involved in risk taking in adults and adolescents. The affective system includes regions that code for reward-value and affective salience, including the ventral striatum, ventromedial prefrontal cortex, amygdala, and the anterior insula (AI). For example, greater activation in the ventral striatum, which is involved in reward sensitivity and sensation seeking, is related to more risk-taking behavior, such as drinking, smoking, and drug use (Delgado et al., [@B22]; Knutson et al., [@B44]; Galván et al., [@B26]; Telzer et al., [@B65]; Qu et al., [@B58]). Moreover, the AI has been identified as a hub for the integration of affective and cognitive neural signals (Smith et al., [@B63]; van Duijvenvoorde et al., [@B69]) and is recruited when making decisions under uncertainty (Singer et al., [@B62]; Van Leijenhorst et al., [@B70]).

The cognitive control system, which includes anterior cingulate cortex (ACC), the dorsolateral prefrontal cortex (DLPFC) and ventrolateral prefrontal cortex (VLPFC; Miller and Cohen, [@B52]), plays a key role in regulating affective response including risk-related behavior (Fecteau et al., [@B23]; Cohen and Lieberman, [@B16]; Schonberg et al., [@B60]; Wessel et al., [@B74]). For example, prior research on Western samples has found that risk taking is associated with altered activation in the cognitive control system, including the DLPFC and VLPFC (Schonberg et al., [@B60]; McCormick and Telzer, [@B730]). Moreover, disruption of the cognitive control system has been found to involve real-life negative outcomes, such as self-regulatory failure (Heatherton and Wagner, [@B31]), drug addiction (Goldstein and Volkow, [@B29]), and unhealthy food choice (Camus et al., [@B8]), which has important implications for health across the life span.

No extant research has examined the neural processes involved in risk taking among individuals who are acculturating to Western culture. Moreover, prior research on cultural differences in risk perception and risk performance relies on self-reported measures (e.g., Weber and Hsee, [@B73]; Ojeda et al., [@B54]), which are unable to capture the dynamic risky exploration and examine whether it varies across cultures. To address this issue, we aimed to examine the role of culture in risky exploration at behavioral and neural levels, which can provide a motivational account to understand risky exploration in different cultural groups. More importantly, to obtain a comprehensive perspective of culture in risky exploration, we conceptualize culture at two levels: group membership and individual orientation. To this end, we recruited both American and Chinese international students. To address the limitation of prior self-reported studies and quantify individuals' dynamic exploration, participants completed a risk-taking task during a functional magnetic resonance imaging (fMRI) scan. They also reported on their independent self-construal. We first examined group-level differences in behavioral performance and the neural correlates of risky exploration between American and Chinese participants. We next tested whether self-reported independent self-construal differentially relates to risky exploration in the two groups at the behavioral and neural levels.

Materials and Methods {#s2}
=====================

Participants {#s2-1}
------------

Forty-six first-year undergraduate students participated in the current study, including 22 American (11 female, *M* = 19.19 years) and 24 Chinese (14 female, *M* = 19.59 years) participants. All American participants were born in the United States and self-identified as White. All Chinese participants were international students who were born in China and had been in the United States for less than 1 year prior to their participation. Despite individual variation, first-year Chinese international students typically arrive within 2 weeks before the beginning of the academic year. Therefore, the average time they had been in the United States was between 6--8 months (mean = 7 months, SD = 0.78 month). In addition to specific cultural criteria, participants were also screened for scanner compatibility (right-handed, free of psychiatric disorders, neurological disorders and magnetic resonance imaging (MRI) contraindications). Participants would be excluded from neuroimaging analyses due to excessive head motion during the scan (i.e., relative slice-to-slice movement \>2 mm), but no participant showed excessive head movement. Participants provided written consent and all procedures were in accordance with the University's Institutional Review Board.

Procedures {#s2-2}
----------

Participants completed self-report measures and an fMRI scan. All instructions and stimulus materials were translated and then back-translated from English to Chinese by bilingual speakers (Brislin, [@B6]). Chinese participants completed the task and all questionnaires in Chinese. A native Mandarin speaking experimenter conducted the study for all Chinese participants.

### Self-Reported Independent Orientation {#s2-2-1}

Independent self-construal was assessed using the Singelis ([@B61]) self-construal scale (SCS). Participants completed 15 items to rate the extent to which they agree with (1 = *strongly disagree*, 7 = *strongly agree*) a variety of behaviors and attitudes (e.g., "I enjoy being unique and different from others in many respects." and "I do my own thing, regardless of what others think."). This measure has been widely used in previous studies to assess the independent self-construal (e.g., Kitayama et al., [@B41]; Wang et al., [@B72]). Following previous studies (Kitayama et al., [@B41]; Wang et al., [@B72]), the average of all items was taken, with higher scores indicating greater independent self-construal (*α* = 0.72).

### fMRI Task {#s2-2-2}

To examine neural sensitivity during risk taking, participants underwent an fMRI scan while completing the Balloon Analogue Risk Task (BART). Behavioral performance on the BART is associated with actual risk behaviors such as smoking, addiction, and drug use (Lejuez et al., [@B47], [@B49]; Aklin et al., [@B1]), suggesting that this task is an ecologically valid measure of real-life risk taking. Furthermore, the BART is widely used in neuroimaging studies to examine neural sensitivity during risk taking (Chiu et al., [@B15]; Schonberg et al., [@B60]; Galván et al., [@B27]; Telzer et al., [@B66]).

Participants completed the BART during an approximately 9-min self-paced run. Prior to the scan, participants were told that they could earn prizes based on how many points they earned on the BART and participants were instructed to try to earn as many points as possible during the task. During the scan session, participants were shown a series of 24 virtual balloons. By pressing one of two buttons, they can choose either a risky option (i.e., pump the balloon), which results in bigger monetary rewards but a greater probability of getting no rewards (i.e., explosion of the balloon), or a safe option (cash out current rewards). For each successful pump, participants earned one point, and if they cashed out before an explosion, they received the total points earned for that balloon. However, if the balloon exploded before cashing out, participants received no payoff for that balloon. Each balloon exploded at a set level (range = 4--10 pumps; each maximum size appeared three times). Participants were not made aware at any point of the pump levels at which point balloons could explode, which models the unpredictable rewards and punishments of real-world risky behaviors. After each pump, the balloon image disappeared for a jittered interval of 500--4,000 ms before the outcome (e.g., either a larger balloon or an exploded one) was shown on the screen. The payoff for each trial accumulated, as demonstrated by a points meter that remained on the screen, and participants received the total payoff at the end of the task.

We assessed two behavioral indices on the BART. The first is overall risk-taking behavior, which is measured by the number of pumps before cash-outs, with a greater number of pumps before cash-outs indicating greater overall risk-taking behavior. Following prior studies, we did not analyze the number of pumps in explosion trials, because the pumps on the explosion trials were necessarily constrained by the pre-determined maximum pumps for each trial (Lejuez et al., [@B48]). Greater risk taking on the BART has been related to greater real-life risk taking as well as heightened ventral striatum and PFC activation (e.g., Hanson et al., [@B30]; Qu et al., [@B58]). The second is risky exploration, which is measured by the within-person variation of the number of pumps before cash-outs (i.e., standard deviation in pump behavior across the task). The standard deviation of the number of pumps represents how spread participants' risk-taking behavior is. For example, some individuals try a wide range of possibilities in the BART task, cashing out the money at different number of pumps across trials (i.e., having a large standard deviation of number of pumps). In contrast, other individuals may not explore this risky context and cash out the money at the fairly similar number of pumps (i.e., having a small standard deviation of number of pumps). Therefore, the standard deviation of number of pumps serves as a meaningful behavioral index of their risky exploration, with greater within-person variation of risk-taking behavior indicating greater risky exploration. A similar index has been used in prior research (e.g., Congdon et al., [@B17]; Goldenberg et al., [@B28]), and related to more real-life risk tendencies as well as greater white matter development in the brain.

### fMRI Data Acquisition and Analysis {#s2-2-3}

Imaging data were collected using a 3.0 Tesla Siemens Trio MRI scanner. The BART consisted of T2\*-weighted echoplanar images (EPIs; slice thickness, 4 mm; 34 slices; TR = 2,000 ms; TE = 30 ms; flip angle = 90°; matrix = 64 × 64; FOV = 200 mm; voxel size 3 × 3 × 4 mm^3^). A T2\*weighted, matched-bandwidth (MBW), high-resolution, anatomical scan and magnetization-prepared rapid-acquisition gradient echo (MPRAGE) scan were acquired for registration purposes (TR: 2.3; TE: 2.1; FOV: 256; matrix: 192 × 192; sagittal plane; slice thickness: 1 mm; 160 slices). The orientation for the MBW and EPI scans was oblique axial to maximize brain coverage.

Neuroimaging data were preprocessed using the FSL FMRIBs Software Library (FSL v6.0[^1^](#fn0001){ref-type="fn"}). For each participant, motion correction was performed using MCFLIRT (Jenkinson et al., [@B36]). Spatial smoothing was applied using a Gaussian kernel of full width at half maximum (FWHM) of 6 mm. Following suggestions by Popescu et al. ([@B55]), high-pass temporal filtering was then conducted with a filter width of 128 s (Gaussian-weighted least-squares straight line fitting, with sigma = 64.0 s) and images were skull-stripped using FSL's Brain Extraction Tool (BET; Smith, [@B64]). Each functional image was registered to standard Montreal Neurological Institute (MNI) 2 mm brain through T2- and T1-weighted structural images using FLIRT (Jenkinson and Smith, [@B35]; Jenkinson et al., [@B36]). An individual level ICA denoising procedure was also conducted using MELODIC (Beckmann and Smith, [@B4]) in conjunction with an automated signal classification toolbox (classifier NP-threshold = 0.3) to remove motion- and physiological-related artifact (Tohka et al., [@B68]).

Each participant's first level model was performed using Statistical Parametric Mapping (SPM8; Wellcome Department of Cognitive Neurology, Institute of Neurology, London, UK). Each trial was convolved with the canonical hemodynamic response function. High-pass temporal filtering with a cut-off of 128 s was applied to remove low-frequency drift in the time series. Serial autocorrelations were estimated with a restricted maximum likelihood algorithm with an autoregressive model order of 1. In each person's fixed-effects first level model, multiple regressors were applied to separate different events: risk-taking decisions (i.e., pumps), receipt of rewards (i.e., cash outs), and receipt of negative outcome (i.e., explosions). Following prior studies, we only analyzed pumps on balloons that did not explode (i.e., pumps on each balloon prior to cash-out), because pumps on the explosion trials were necessarily constrained (Lejuez et al., [@B48]); these two types of trials were modeled separately. To test the linear relationship between brain activation and the magnitude of risks, each trial was modeled with a parametric modulator. The parametric modulator represented the pump number for each individual pump within a balloon, which was mean centered within participants. By parametrically modulating the level of pumps, we were able to examine whether neural regions show increasing activation as the level of risk increases. Null events, consisting of the jittered intertrial intervals, were not explicitly modeled and therefore constituted an implicit baseline. Because our main interest is neural responses during risk taking, we thus focus on the neural responses when participants engage in risky behavior.

Random effect analyses were conducted by submitting the individual subject contrasts to the second level for group analyses. Group analyses were conducted using GLMflex. GLMflex uses partitioned error terms, corrects for variance-covariance inequality, removes outliers and sudden changes in brain activation, and analyzes all voxels that have data[^2^](#fn0002){ref-type="fn"}. To investigate whether American and Chinese participants show different neural activity during risk taking, we conducted a whole-brain, two-sample *t*-test (Americans-Chinese) analyses to explore neural regions that show differential activation across the two groups. To explore whether independent self-construal plays a similar or different role in American and Chinese participants, we conducted whole brain moderation analyses by regressing a cultural group × independent self-construal interaction term on neural activation during risk taking, controlling for the main effect of cultural group and independent self-construal. Findings from this whole-brain regression reflect the regions of the brain showing differential links with independent self-construal between American and Chinese participants.

To correct for multiple comparisons, we conducted a Monte Carlo simulation implemented using 3dClustSim in the software package AFNI[^3^](#fn0003){ref-type="fn"}. We estimated the intrinsic smoothness of the data using the -acf option in 3dFWHMx. The results of the simulation indicated a voxel-wise threshold of *p* \< 0.001 combined with a minimum cluster size of 25 voxels for two-sample *t*-test and 27 voxels for whole-brain moderation analysis. This joint voxel-wise and cluster-size threshold corresponds to *p* \< 0.05, Family Wise Error (FWE) corrected. In order to take into account potential sex differences in risky exploration and neural processes during risk taking (e.g., Byrnes et al., [@B7]; Felton et al., [@B24]; Lee et al., [@B46]), participants' sex was controlled for in all behavioral and fMRI analyses. However, behavioral and neuroimaging analyses without controlling for sex yield identical results.

Results {#s3}
=======

Group-Level Differences in Risky Exploration on the Behavioral Task {#s3-1}
-------------------------------------------------------------------

We first investigated overall performance on the BART in American and Chinese participants. American and Chinese participants did not differ in the average number of pumps before cash-outs on the task (Americans: *M* = 5.55, SD = 0.66, range = 2.81--8.18; Chinese: *M* = 5.44, SD = 0.88, range = 3.25--7.83; *β* = 0.06, *t* = 0.38, *p* = 0.704) or in the number of explosions they experienced (Americans: *M* = 9.55, SD = 2.70; Chinese: *M* = 9.21, SD = 2.81;*β* = 0.03, *t* = 0.24, *p* = 0.815). However, we did find differences in risky exploration, such that American participants exhibited greater within-person variation in risk taking (i.e., standard deviation in pumping behavior; *M* = 1.67, SD = 0.46) than did their Chinese counterparts (*M* = 1.33, SD = 0.43;*β* = 0.36, *t* = 2.55, *p* = 0.014, Cohen's *d* = 0.76, 95% CI of the difference = \[0.08, 0.61\]), suggesting that American individuals are more likely to explore in a risky context ([Figure 1](#F1){ref-type="fig"}).

![American participants showed significantly greater risky exploration compared with their Chinese counterparts. *Note*: risky exploration was measured by within-person variation of risk taking. \**p* \< 0.05.](fnhum-13-00171-g0001){#F1}

We further conducted follow-up analyses to examine when the cultural difference in risky exploration emerges (i.e., do Chinese participants show lower variability from the beginning or do cultural differences emerge across the task?). To answer this question, we divided the 24 trials into four segments with six trials in each segment (i.e., trials 1--6; trials 7--12; trials 13--18; trials 19--24). We calculated within-person standard deviation in number of pumps for each segment and examined if American and Chinese participants differ across these four segments. We found that there is no difference in American and Chinese participants' risky exploration in the first segment, *t* = 0.31, *p* = 0.758. However, cultural differences emerge in risky exploration after the first segment (second segment, *t* = 2.34, *p* = 0.024; third segment, *t* = 2.16, *p* = 0.036; fourth segment, *t* = 1.77, *p* = 0.084). These results suggest that American and Chinese participants do not differ in their risky exploration when they start the task, but as they experience the task, Chinese participants become more conservative and less likely to explore the upper and lower boundaries in later trials compared to American participants.

The two groups did not differ in the total points received on the BART (Americans: *M* = 76.14, SD = 10.48; Chinese: *M* = 75.42, SD = 8.69;*β* = 0.07, *t* = 0.48, *p* = 0.635), suggesting that they obtained the same outcome on the task, despite exploring the task in different ways. Group-level differences in performance on the BART and associations among them are presented in [Tables s 1](#T1){ref-type="table"}, [2](#T2){ref-type="table"}.

###### 

Descriptive statistics for independent self-construal and performance on the Balloon Analogue Risk Task (BART) in American and Chinese international students.

                                                         American         Chinese          Cohen's *d*
  ------------------------------------------------------ ---------------- ---------------- -------------
  Independent self-construal                             4.88 (0.48)      5.01 (0.62)      0.23
  Average number of pumps before cash-outs               5.55 (0.66)      5.44 (0.88)      0.14
  Within-person standard deviation in pumping behavior   1.67 (0.46)~a~   1.33 (0.43)~b~   0.76
  Number of explosions                                   9.55 (2.70)      9.21 (2.81)      0.12
  Total points received                                  76.14 (10.48)    75.42 (8.69)     0.07

*Note: different letter subscripts indicate a significant (*p* \< 0.05) difference between the two groups*.

###### 

Associations between independent self-construal and performance on the BART in American and Chinese international students.

                                                             1       2          3         4             5
  ---------------------------------------------------------- ------- ---------- --------- ------------- ---------
  1\. Independent self-construal                             --      0.16       0.44\*    0.32          −0.23
  2\. Average number of pumps before cash-outs               −0.14   --         0.01      0.85\*\*\*    0.10
  3\. Within-person standard deviation in pumping behavior   −0.27   −0.11      --        0.09          0.00
  4\. Number of explosions                                   −0.14   0.64\*\*   0.42\*    --            −0.42\*
  5\. Total points received                                  0.00    −0.09      −0.52\*   −0.82\*\*\*   --

*Note: correlations for the American sample are presented in the lower triangle; those for the Chinese sample are presented in the upper triangle. \**p* \< 0.05; \*\**p* \< 0.01; \*\*\**p* \< 0.001*.

Group-Level Differences in Neural Activation during Risk Taking {#s3-2}
---------------------------------------------------------------

At the neural level, we first investigated neural regions recruited as participants take increasing risks (i.e., during pumps) across the whole sample. To this end, we conducted a whole brain, one-sample *t*-test, controlling for cultural group. Neural regions that show increased activation during risk taking across participants are presented in [Table 3](#T3){ref-type="table"}. In whole brain, two-sample *t*-test analyses, we examined whether American and Chinese participants show different neural patterns during risk taking. No neural regions showed differential activation during risk taking between the two groups.

###### 

Brain regions that showed activation when participants take increasing risks across the whole sample.

  Anatomical Region                 *x*   *y*   *z*   *t*     *k*
  --------------------------------- ----- ----- ----- ------- ----------
  Positive activation                                         
     ACC                            8     22    32    9.26    5,831^a^
     Right precentral gyrus         32    −8    56    5.93    ^a^
     Right postcentral gyrus        −40   −24   52    7.95    ^a^
     Left superior frontal gyrus    −20   −8    58    5.89    ^a^
     Right superior frontal gyrus   24    −8    58    7.49    ^a^
     Left insula                    −34   22    8     7.43    1,113
     Right insula                   40    22    2     9.96    1,475
     Right thalamus                 8     −28   −2    9.45    2,813^b^
     Left ventral striatum          −8    8     2     8.18    ^b^
     Right ventral striatum         10    8     2     7.37    ^b^
     Right middle frontal gyrus     32    46    24    4.17    57
  Negative activation                                         
     VLPFC                          −52   24    26    −6.13   4,175^c^
     Middle orbital gyrus           0     54    −6    −6.37   ^c^
     Rectal gyrus                   2     42    −16   −7.83   ^c^
     Left middle frontal gyrus      −28   24    50    −6.10   ^c^
     Left postcentral gyrus         −32   −28   58    −7.11   ^c^
     Left amygdala                  −16   −8    −16   −4.17   ^c^
     Right amygdala                 16    −8    −16   −3.89   ^c^
     Right middle frontal gyrus     30    24    50    −4.70   741

*Note: x, y, and z refer to MNI coordinates; t refers to the t-score at those coordinates (local maxima); k refers to the number of voxels in each significant cluster. ACC, Anterior cingulate cortex. VLPFC, ventrolateral prefrontal cortex. Regions with the same superscript signify they belong to the same cluster of activation*.

Independent Self-Construal and Risky Exploration by Cultural Group {#s3-3}
------------------------------------------------------------------

Next, we examined whether American and Chinese participants differ in their self-reported independent self-construal. In line with the voluntary settlement hypothesis (Kitayama et al., [@B40], [@B42]; Kitayama and Park, [@B38]), which suggests that voluntary immigrants moving to the frontiers (e.g., foreign countries) have greater independent self-construal than those who choose to stay in their original countries, Chinese participants in our study (i.e., self-motivated Chinese international students) reported similar level of independent self-construal (*M* = 5.01, SD = 0.48) compared to their American counterparts (*M* = 4.88, S*D* = 0.62), *β* = 0.13, *t* = 0.86, *p* = 0.397. The associations between independent self-construal and performance on the BART are presented in [Table 2](#T2){ref-type="table"}.

To explore whether independent self-construal plays a similar or differential role in risky exploration between American and Chinese participants, we conducted a cultural group × independent self-construal moderation analysis on participants' risky exploration. We found a main effect of culture, *β* = 0.37, *t* = 2.68, *p* = 0.011, but no main effect of participants' independent self-construal, *β* = 0.03, *t* = 0.23, *p* = 0.820. Importantly, there was a significant cultural group × independent self-construal interaction effect, *β* = 0.32, *t* = 2.26, *p* = 0.029. Follow-up analyses within each cultural group indicated that greater endorsement of independent self-construal was positively associated with greater risky exploration in Chinese participants, *β* = 0.46, *t* = 2.34, *p* = 0.029, but not in American participants, *β* = −0.26, *t* = −1.23, *p* = 0.235. Together, these findings suggest that independent self-construal plays a more salient role in Chinese participants' risky exploration, such that those who had a more Western self-construal (i.e., independent self-construal) were more likely to behave like their American counterparts during risk taking (i.e., show greater risky exploration).

Independent Self-Construal and Neural Activity During Risk Taking by Cultural Group {#s3-4}
-----------------------------------------------------------------------------------

To explore whether independent self-construal plays a different role in neural activation during risk taking in American and Chinese participants, we conducted a whole brain moderation analysis. The cultural group × independent self-construal interaction term was regressed onto brain activation during risk taking, controlling for the main effect of cultural group and independent self-construal. The results indicated that independent self-construal was differentially associated with American and Chinese participants' neural activity in several regions of the cognitive control system, including DLPFC and ACC, as well as regions involved in affective salience, such as the AI and amygdala ([Table 4](#T4){ref-type="table"}). The brain map is presented in [Figure 2](#F2){ref-type="fig"} and is available on NeuroVault (see <http://neurovault.org/collections/DBLXUJZI/>).

###### 

Brain regions that showed differential association with independent self-construal in American and Chinese participants.

  Anatomical Region               *x*   *y*   *z*   *t*    *k*
  ------------------------------- ----- ----- ----- ------ ----------
  Left DLPFC                      −38   34    22    3.42   430
  Right DLPFC                     22    38    38    3.45   245
  ACC                             −2    46    18    3.74   50
  Right superior medial gyrus     4     54    32    3.81   138
  SMA                             −2    −6    58    4.55   1,251
  Right VLPFC                     42    30    18    3.68   71
  Right insula                    44    −2    16    4.08   34
  Left putamen                    −32   −2    4     3.68   199
  Left amygdala                   −26   −2    −12   3.39   44
  Left precentral gyrus           −36   −8    56    4.61   214
  Left superior temporal gyrus    −60   −4    −2    4.39   205
  Right superior temporal gyrus   54    −16   −2    3.87   81
  Left middle temporal gyrus      −44   −58   2     4.32   479^a^
  Left middle occipital gyrus     −40   −78   8     3.84   ^a^
  Right middle temporal gyrus     56    −46   −4    4.34   505
  Left precuneus                  −8    −74   48    3.63   77
  Right precuneus                 10    −74   48    3.85   764
  Left cerebelum                  −18   −60   −8    4.19   250
  Right cerebelum                 16    −60   −10   4.16   2,086^b^
  Right fusiform gyrus            28    −50   −6    4.56   ^b^
  Right precuneus                 20    −56   22    4.12   ^b^
  Right calcarine gyrus           10    −82   8     3.57   ^b^

*Note: x, y, and z refer to MNI coordinates; t refers to the t-score at those coordinates (local maxima); k refers to the number of voxels in each significant cluster. DLPFC, dorsolateral prefrontal cortex. VLPFC, ventrolateral prefrontal cortex. ACC, Anterior cingulate cortex. SMA, supplementary motor area. Regions with the same superscript signify they belong to the same cluster of activation*.

![Brain regions that showed differential association with independent self-construal in American and Chinese participants.](fnhum-13-00171-g0002){#F2}

To unpack the cultural group × independent self-construal interaction, we conducted follow-up analyses by using independent ROIs to examine the association between independent self-construal and neural activation in each cultural group separately. For descriptive purposes, we focused on the DLPFC and AI, but the results are similar for the other regions identified in [Table 4](#T4){ref-type="table"}. For the DLPFC ROI, we used the automated meta-analysis with the term "dorsolateral prefrontal" from the association test map (*q* \< 0.1 FDR-corrected) in the NeuroSynth database[^4^](#fn0004){ref-type="fn"}. Given that other regions emerged in this search (e.g., right DLPFC), we further restricted the cluster to the left DLPFC (see [Figure 3A](#F3){ref-type="fig"} for this ROI). To define the insula ROI, we used the automated meta-analysis with the term "anterior insula" from the association test map (*q* \< 0.1 FDR-corrected) in the NeuroSynth database^5^ and restricted the cluster to the right anterior insula (see [Figure 4A](#F4){ref-type="fig"} for this ROI).

![**(A)** The left dorsolateral prefrontal cortex (DLPFC) ROI derived from the Neurosynth platform. **(B)** Higher independent self-construal was associated with greater left DLPFC activation in Chinese (but not American) participants. **(C)** Greater left DLPFC activation was related to greater risky exploration in Chinese (but not American) participants.](fnhum-13-00171-g0003){#F3}

![**(A)** The right anterior insula (AI) ROI derived from the Neurosynth platform. **(B)** Higher independent self-construal was associated with greater right AI activation in Chinese (but not American) participants. **(C)** Greater right AI activation was related to greater risky exploration in Chinese (but not American) participants.](fnhum-13-00171-g0004){#F4}

We used these ROIs to extract parameter estimates of signal intensity from the DLPFC and AI during risk taking in each cultural group. We then conducted correlation analyses in SPSS to examine the association between independent self-construal and neural activation within American and Chinese participants separately. Consistent with the behavioral analyses, greater independent self-construal was associated with greater DLFPC activity during risk taking in Chinese participants (*r* = 0.44, *p* = 0.036), but the association was not significant in American participants (*r* = −0.23, *p* = 0.308; [Figure 3B](#F3){ref-type="fig"}). Similarly, greater independent self-construal was associated with greater AI activity during risk taking in Chinese participants (*r* = 0.43, *p* = 0.040), but the association was not significant in American participants (*r* = 0.02, *p* = 0.936; [Figure 4B](#F4){ref-type="fig"}).

Next, we examined how DLPFC and insula activation during risk taking are related to risky exploration on the BART in American and Chinese participants. We used the same ROIs and conducted correlation analyses with participants' risky exploration in SPSS. Greater DLFPC activity was associated with greater risky exploration in Chinese participants (*r* = 0.45, *p* = 0.032), but not in American participants (*r* = 0.13, *p* = 0.568; [Figure 3C](#F3){ref-type="fig"}). Similarly, greater AI activity was associated with greater risky exploration in Chinese participants (*r* = 0.52, *p* = 0.011), but not in American participants (*r* = −0.21, *p* = 0.358; [Figure 4C](#F4){ref-type="fig"}). Together, these findings suggest that Chinese (but not American) participants who reported greater independent self-construal showed greater activation in regions supporting cognitive control and affective processes when engaging in risk taking, and such heightened neural activity was related to greater risky exploration.

Discussion {#s4}
==========

Although prior research examines cross-cultural differences in self-reported risk-taking behavior or risk preference (Weber and Hsee, [@B73]; Greenberger et al., [@B740]), little is known about the role of culture in the motivation of risk taking and the underpinning neural correlates as individuals acculturate to a new culture. The present study addressed this gap by conceptualizing culture at two levels: culture as nationality/group membership (i.e., American vs. Chinese) and culture as individual beliefs/orientation (i.e., independent self-construal). Consistent with the emphasis on adventure and risk exploration in American culture (Doyle, [@B640]), our findings suggest that American individuals show greater risky exploration in a risk-taking task than Chinese individuals. With regard to individuals' cultural orientation, we find that independent self-construal plays a differential role in American and Chinese international students. While independent self-construal is not related to American individuals' behavioral performance and neural correlates of risk taking, Chinese students who report greater independent self-construal engage in greater risky exploration and recruit greater activation in the cognitive control and affective systems when engaging in risk taking. Taken together, our findings suggest that culture modulates the neural correlates of risk taking, highlighting the importance of examining the role of culture in neural functions as both group membership and individual orientation to better understand how individuals acculturate to a new culture.

It has been documented that American culture places a strong emphasis on adventure and risk exploration (Doyle, [@B640]). Therefore, American individuals are culturally motivated to explore in a risky context. In contrast, such appreciation of exploration is not evident in East Asian countries (King and Bond, [@B37]; Ho, [@B33]; Chen et al., [@B13], [@B12]). Prior studies on cultural differences in risk taking and risk performance relied on self-reported measures and are unable to assess the extent to which individuals explore risky contexts in a dynamic manner. Using a behavioral task, the present study is the first to quantify individuals' risky exploration. Consistent with cultural differences in the emphasis on exploration, American individuals showed greater risky exploration in this behavioral task compared to their Chinese counterparts. Notably, our follow-up analyses suggest that American and Chinese participants did not differ in their risky exploration when they start the task. However, as they experience the task, Chinese participants become more conservative and less likely to explore the upper and lower boundaries in later trials compared to American participants. This finding provides novel insights into cultural differences in risky exploration, highlighting that such cultural differences emerge across the task rather than from the beginning. Despite difference in how the two groups explored the task environment, they did not differ in mean level of risk taking or in the number of explosions. Thus, American participants had a larger and more variable boundary by which they pumped, but the average number of pumps evened out between the two cultural groups. Thus, when participants were instructed to take risks to get as many points as possible, both American and Chinese participants performed similarly with regard to their overall risk taking and earned a similar number of points, but they got there using different behavioral strategies, suggesting that risky exploration reflects meaningful cultural differences.

In addition to examining cultural differences at the group level, the present study investigated the role of individuals' cultural orientation and whether it plays a similar role across the two groups. Specifically, we focused on independent self-construal, a way of describing or defining the self that emphasizes unique attributes and qualities (Markus and Kitayama, [@B50]; Kitayama et al., [@B39]; Cross et al., [@B21]). Although American individuals are hypothesized to show greater independent self-construal than Chinese individuals, researchers also suggest that voluntary immigrants who move to the frontiers (e.g., those who move to a foreign country) may report greater independent self-construal than those who choose to stay in their original countries (Kitayama et al., [@B40], [@B42]; Kitayama and Park, [@B38]). In line with this idea, Chinese participants in our study, who are self-motivated Chinese students studying in the United States, reported a similar level of independent self-construal as American participants. This finding is also consistent with recent evidence that self-motivated Chinese immigrants may show neural patterns that are different from those who stay in China (Chen et al., [@B11]).

While American and Chinese participants reported similar levels of independent self-construal, the role of independent self-construal functioned differently across the two groups at both the behavioral and neural levels. Chinese participants who reported greater independent self-construal tended to explore to a greater extent in a risky context, suggesting that the greater focus on personal traits, abilities, values, and preferences, may support risky exploration. It is possible that the heightened emphasis on internal attributes and preferences makes them more willing to explore the environment, which is not only reflected in their voluntary migration to the United States for education but also reflected in their greater exploratory behavior in risk-taking contexts. However, such association is not evident in American participants. It is possible that American individuals are already immersed in an independent culture, and individual differences in endorsement of such cultural norms may not be salient in guiding their behavior and predicting culturally valued risky exploration. More importantly, past research has suggested that cultural differences that are observed at the country or group level may not always be reduced to individual differences (Na et al., [@B53]). For example, even if East Asians and Westerners consistently differ in social orientation measures at the group level, the individual-level correlations of these measures are low. This suggests that group-level difference is independent of individual-level correlations, and statistically, the individual-level correlations can be positive, zero, or negative, in the context of group-level difference. Similarly, in our case, although Americans are expected to show greater independent self-construal and risky exploration compared to East Asians at the group level (i.e., between-group difference), it does not indicate that independent self-construal and risky exploration would be associated within Americans (i.e., within-group association).

Independent self-construal also played a differential role at the neural level in American and Chinese international students. Specifically, Chinese participants who reported greater independent self-construal recruited greater activation when engaging in risk taking in several regions supporting cognitive control (e.g., DLPFC), as well as affective salience (e.g., AI), and greater activation in these regions was related to greater risky exploration. This finding may seem surprising at first glance, given that greater activation in the cognitive control system is often related to lower risk-taking behavior (Fecteau et al., [@B23]; Knoch and Fehr, [@B43]; Cohen and Lieberman, [@B16]; Telzer et al., [@B65]). However, it is possible that Chinese participants who hold more independent cultural beliefs tended to regulate their behavior in the risk-taking context to use a more exploratory strategy. That is, greater activation in their cognitive control system reflects their greater tendency to exert control to explore the novel environment. Moreover, past research suggests that the AI and amygdala are involved in detecting affective salience and the AI is a neural hub integrating affective and cognitive signals (e.g., Anderson and Phelps, [@B3]; Fitzgerald et al., [@B25]; Craig, [@B19]; Menon and Uddin, [@B51]; Smith et al., [@B63]; van Duijvenvoorde et al., [@B69]). Greater activation in these neural regions indicates that Chinese participants with more independent cultural beliefs may engage in greater integration of their emotional and regulatory processes during risk taking. This finding extends our prior understanding of cognitive control and affective salience, highlighting that neural regions may function differently for individuals who attempt to acculturate to a new environment. For American participants, similar to its association with behavioral performance, independent self-construal was not related to neural correlates as they take increasing risks.

The current study highlights the role of culture in the neural correlates of risk taking and links to risky exploration. One novel feature was to conceptualize culture at both the group level and individual level by comparing American students with Chinese international students who are acculturating to American culture. In future research, it is also important to compare American individuals with Chinese individuals who reside in China or American individuals who move to East Asian cultures in order to investigate potential differences. Moreover, we only focus on independent self-construal as individual-level cultural orientation. Future studies are needed to examine interdependent self-construal, which is more frequent in East Asian cultures. For example, it will be interesting to examine the role of interdependent self-construal in American individuals' behavioral performance and neural correlates of risky exploration as they become acculturated to East Asian cultures. Also, in the current study, we recruited Chinese international students who had moved to the United States within 1 year of their arrival. To capture a full range of acculturation processes, future studies should recruit a sample with large variation in immigrant status (e.g., from newly immigrated to second generation). It is important to examine other dimensions of individual differences in acculturation, such as time spent in the United States, to have a greater understanding of the behavioral and neural processes of risky exploration.

In addition, although this study quantified individuals' risky exploration, it is important for future research to link behavioral performance and neural correlates of risky exploration with real-life outcomes (Chen et al., [@B10]). On the one hand, it is possible that risky exploration may be related to negative health-related outcomes, such as smoking, drinking, and drug use. On the other hand, it is also possible that risky exploration can serve adaptive functions and contribute to behavior associated with positive outcomes, such as entrepreneurship and cross-cultural communication. Indeed, risky exploration may reflect learning and adaptation to one's changing environment and is associated with lower riskiness ratings of real-world risky behaviors (Goldenberg et al., [@B28]). Moreover, following most studies, participants in the present study completed the behavioral task alone. However, real-life risk taking also occurs in social contexts and needs to receive attention. Indeed, prior research has demonstrated the impacts of parents and peers on adolescents' risk taking and underlying neural mechanisms (e.g., Chein et al., [@B9]; Qu et al., [@B580], [@B57]; Telzer et al., [@B67]). Given the different emphasis of significant others in individuals' self-construal in independent and interdependent cultures, future research is needed to investigate how parents and friends affect the neural basis of risky exploration across cultures, which can provide more insights into the role of social contexts in risky exploration.

The current study has several limitations, pointing to directions for future research. First, caution should be taken when interpreting the findings given the small sample size. For example, in our study, the correlation between self-construal and DLPFC activation was significant in Chinese participants, but not in American participants. However, both effects were moderate in their effect size. Given the small samples, it is important to test the robustness of this finding using a large sample; perhaps with a larger sample, the association in Chinese and American participants would yield more robust effects. Therefore, future behavioral and neuroimaging studies are needed to replicate the findings in a larger sample size. Moreover, given that the fMRI scans for the Chinese sample in our study only span 2 months, individual variation in the time they live in the U.S. is small, which limits our ability to explore the associations between the time spent in the U.S. and independent self-construal, risky exploration, as well as neural reactivity. Future research needs to recruit participants with a wider range of time living in the U.S. to explore individual differences within the Chinese sample with attention to the impact of the time on psychological and neural processes. In addition, the current study only focuses on cultural differences in univariate neural activation during risky taking. To fully understand the role of culture in neural underpinnings of risky exploration, it is important for future research to take a pattern-focused approach by employing the representational similarity analysis (RSA; Kriegeskorte et al., [@B45]). This approach allows researchers to test how neural representations during risk taking are similar by focusing on signal variations of neural response across voxels (i.e., multi-voxel pattern), rather than simply changes in the overall fMRI magnitude between cultural groups (i.e., univariate neural activation).

In conclusion, using a behavioral risk-taking task, the current study demonstrated that American individuals showed greater risky exploration compared to their Chinese counterparts. Moreover, Chinese international students who reported greater independent self-construal engaged in greater risky exploration and recruited more activation in regions of the cognitive control and affective systems when engaging in risk taking. Taken together, our findings suggest that culture modulates individuals' risk exploration, and more importantly, culture as group membership and individual orientation may interact with each other and relate to neural systems supporting cognitive control and affective salience. These findings make a novel contribution to a growing literature on the cultural neuroscience of acculturation, highlighting the importance of examining the role of culture as both group membership and individual orientation in behavioral and neural processes, especially for those who are acculturating to a new environment.
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